


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


l. Thesis and Dissertation Collection, all items 


1991-12 


Comparison of alkali ion emitters. 


Gant, Dean Alan 


Monterey, California. Naval Postgraduate School 


http://hdl.handle.net/10945/28043 


Downloaded from NPS Archive: Calhoun 


ik DUDLEY 


N | KNOX 


LIBRARY 
http://www.nps.edu/library 






Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarty author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 

















































































































































































































































































































A 
fa PAN 4 
EN e ^Y k TR" yt 
ra 4 y Ka a" h 
. E dE i KA CRI A + Y. v AS 
A^ M. i JESS a D dii; Ws v»! Vi 
X 2 " Us @. ¢. 
^ * a Pi k deb Ps 
wb i la ul T) wl, 4 gi z AA D 
a We p<“ 1 pes a d A di če y y. a^ 
+ Je A 144 kapi sh VE k OX e | 
RU d AP Lie 4 | A IT n ^ y ebe? «t 
L fach ärt A déi À MAS al y. AN ^ a SN ANSA AAN $ KAJO LO LL p 
ADA x, die A3 y RU VAR Kl EEN Ii CE ČI 
"a 4 v AN" A WX IRA m E a D sa H a a 
ri ide d OE (vos vas ka A, i 206 d SA OA va RA ea Ze SE 
LA É KEM E^ , ^ . Kn d LER f RA, va LN " > Ni wi, Mi rane Me agate ret 
DOE AE A 2 Eds AA 3 SR Sech DIN MASS MOS Ka NA Cos. Orie See nn OE 
AM ‘ Les eg e KC: , ^ Ze a e (Na vi Wi » Ma LO rero erani A 
D é IK i0 ^ Le y RNA M N kA: 1451 AS H f SR BN d AS Oh Sc NA RD RM e, KAVNA, ne Alep ara EN 
= A +4 Ta p "N J A ef Fi A Vi » KA (A x K.) zu Pe Miri m + M My ^ > 
" P d a A bo Ai a d J yA ER n AA n7 A CV Wi DONO Pu yn A a CM Lé be E : E z " ER 
13 mer) 4 PI £ A Aë n D A £2 ne ` - vale LA "T LA dÄ A A ^. AA E? M s Lic XXX 4 Dx PIS Pott ee, Gr ope lA = 
4 5 B fa Ly 4, K ML (CIE MT da LK m rr è è D zY M. 4 y, 1 A) va a had, ed lat bra! lei 
H D } ve D k Di m ) ad A ba a3 AN Py Gre mh È OO DX AS mh SE Ge be BE 
" 1 1 d tg è ^ i 4 È h ^ ^ q Ah A FX x 
H , d , e d? ong at em or , VON si A E t, "s oos Y E M 3 e Nalva AA k) Wi E . ČI KE _ 
i co A " OP VET 4 ^ ED RAR TA gg AN WO AY 4.4 UDUD Kë vu 7 E nA TA athens ea: s LE 
/ ? : 1 MILA Lët A SA 4 BALA, URI AAA POTNI GLA) eis kën AM t. Wa e eni 
AN d Rr YN A A ha Adr MER ahh k a Gi DO Ee, WW ROSTA y EN RENE Ka E voc 
b i i p as A A * ". 2.1 Lar" we pa, Ce > LO rk h D s L3 [CN wi 
" , " ] VW 1 1 SA (e? CX X2 (SL D / hr Ak s E! * n ats Kach de 
PE A ! 2) m d d A 14,4 ed IK CO Y ^ E d 20 "hd A ra A DU Ve Ka WK È IRR \ EXA AAA n ee Kë SIATE ben ak = ery ` A COO > 
ee AG Zb PUES XA LES U ud PLENA BERTA ANA AAA A ee MAR E O Ven eh ACE Wind sea: teal bet EE e a nd 
A C d d O AS, VIP ti AR KE, DOLAR Ch? AN d ERA Lal dh Te BS "o + d Ka Mri Ri Ni wirt e. A no. (e rali D GEA 
" Le M. ch Bal «eft ra A Fee RA) fw D Je Mack, Der ei A to SECH E SE GE E Li r^ 
1 W) ur k Eë e 1 " Ar») di | m nã Ar, Hui PR”, A dva MA d ro e UA Lat "TM XS e s lo AMAN Ae an ó ue v: ns n Tea Cha Gë 
m T ; ! a "RA Ca > mp A sa Me he uU A E A SA | o dos > LS (ees CN Be ny béi A 
de n ` , V Mn usn " (ef m 4,9. 4 A Ii SIIT A + N e E Xr E Y E o PARI o Sg L Ann m ve n [OM D SH 
Pu A? 1 d 4 H TER Kn A wo» yy AM he t^ P or ah" AECH. Ié wi X) + Ale. Ror USE A A di: h da + » RA mba s A ai iri ITA 5 ČA 
N i RASA 4 WE AN Kei 7 De? PARA nie) Kei, AAA We .. Vi te E- kl SE Ze SA 
È " HLA mu GW ^ MI ONO 9^ 44 d'E ¿A P 447 A , A K L 3 ÓN 2 O XA b. Aot Ie Ad ° SE e “lag kaj Ki kh ŠA er Ve aM ob afa ra 
1 q PE NE: d " : k A (We WT e d'A 194 Mo A A EX O TA DIC) KA TRE se le K AN Ai E iA Y Ya de ^ cha Hio NM Xv o err GE Ciy? 
KE KA (ër ` eg, Seu ces AA Non et AAA EEN e ER E EU SSES IA ee 
| | i j 1; 1 x ss AB Ate a) OO PN TAS ENN eech TOT ž 
n J ' d LS C D E ‘ph Ce 1 4 ni L sd AAA earl gin ¿ o * Sch Go D NN ARO x E VC k KN: 5 Ra bb RJA ho KA EE X DE =! za 7 Kä e $ T Kai 
| d H H 3 RAL, d OK HS y AP VN Y qe ge JA M 2. LA es: DUI 1 us 4 X Ge Le va häi KN A atg a e a? pereo we Ke Lë e a ird EE n A hes Etak 
D A e 4 A f a RUN e RE e Aë f. v ots n À a: A $a LA SA eh A dg KA Ko * el A E Oe, Ki A o A pel: 2 D RTRT SOA ite às e. 4 F pa e aí 
A D 1, A oh A AR VI" ze A Ce m id p Kr CA A IN ¿q RA A m at} ala ML DA Ce oče g EE 
i MT Je JE a Te h wa S^ bs A CO f dh » Oe AT O RAJ cone GN CH A PIS SR E ts MENI ENA À a ^ SE ey es VE: AR sei A Bi 2 o het, s Sor 
sa e 4 " > e" a ten! è, IW (e dn WOCH FA H A MCA EPA A EN ‘ CH > aw EA Lm $ Za bc LAA rere > aped Je ze 
A " ` ' ' n "m ehe deel PAIR LR E DAC VM AA Ki ec UC ay: VOL la KE Kit CH GC e TM m v a pero H ne 
1 è E A ai 34 ADS) A a si a A M T y) Ro ^ AA " ka a wt v hi Au bal 3 Vii e DI M 1% DE x + eiim PAS EE 
; p wrt ) ARA e x d VIA, bh, no $ RAA .s Zb OD A M di d uy ZA d OS Ge hb 3 inis. pe A 
È AS! 28 RA gi tt. ¡214 IMA KA? bioh d P Moti M TO VM e: POMA Ner | D e Ka? od $ lo > Cé EA DN a pr 
k M “as EE 4 AM PX 4 e E di "dc ti d Gi » DONE p NS CH Ko? Hehe nd GO FA SE ve SE S VO e ANE SE E ="; - EE E 
SE? de ARA ah : reg Y I ti ARRA VAMA d na FM HK) Ki LA eid KK TU S 4 "T 
M v DEDE Wi yt t sili k ^ M en AULA ` ÄR KM RA COUR vas $ UL i 4 Ke Ken IA GENEE ER? ai a SÉ ho; E hd pepo 
Wi D Ke? CE M (EE m ays " » D'A LINE AI ati (CH v PA A 2n H "m $ FC? x a Wax 4. mw ^. babo ig do N) en [ISO 
3 A RA AA d MP Nk WA: (Ma , AA GC Kat K Ku n x ‘97% 3 OK E PUT ca Oe Pa e a A (wé GC Aw Ke a Phi Ad T piši ‘ 
t i x TGR JUS JA IK Ain PS A qula. a Lt MET LA Lä na oče RON Ke a A ale nie: nA Y nie ii NA OB e ere es ^Y yA "CT D GZ E 
d A “A RR D EA E a ka *'A^y T $ È KIIA AA Ne LR La b e LE ve d E M x Léit Case? t Di UO TT m Eu me da 
F os e d "E 1 ae IAM. nay (CH: AN A! a $ bi DER NAAA RIONE ze UA EL SS D eh EEN Kai SE KE Ce quim ES aj 
ia r e d UN. EN KIA TE ji XX SC GE AAA 2 EEE? GO PER APA ARA Re RE Geht AE rio RS VICO: SR d A E či EE E 
UN as U ps br aa A vii » d ` koj " vd SA RA Pry) VER kk USA SE A da MU LN a A AA » ipis TL v die M tra DE due a 
V " 4 1 d AA NI Rg ER: Re Dos d ia Mal) E DA targa Oho sd dem Fe D ML EA KC A Mio La Me GEM 
D .. A y HIM "LCD CA iro Kl v v WW fX yr A, ^ Wi EE Get D UOVA; LA m D Lo E ^ wi y y od a - pn SN e 4 
ye d 1a v +14 ` l K n k 4 Ae éi WA d = Wu " yo uae sia ` Ke? y Ki ga EH "M PLA PX wéi Nu CH E HA V. y pel I Roi 3 BE ai E de 
o " " HI e - 1 "wi D 1 ALIČ, 44 H "D KA 13 19 6 a S Kei Ach Lj Lé Ké e$ a | bf. ŽA Sa, KI Dr d e 
D 1.4. AR AX! % H ^ 4 A ei a LO PAN n LE y WEAR DENEN hows SÄ AIR Li As, CI Del si AE Klee on i nes Ome GC SE 
‘ ONU d E "E ? EIEN ed J PAM V on D OS RA d sta SAS “nd VD ed E nU bd TAN PAn Véi: SA arto hito aper i ck mum P 
, IW? 3A " E , 4 Fa fy va d DC q. A pa UH EVA LS RA ra Déi SCC Dei “E Pr] T "A a bt p>} Sable? OI DOE OC CN AO Mea VC ` mon 
i o k : d h Re * A m d n E di £A ¿e LA VK 
HS + DI p Hy Ze SE ) e 4 ^d f m ` a i? d y we. Y OOSA EAA Ka SC Ed GE UN RH E Sa " RO EE RR EE Ze SE 
ae SS NE RESTAR ON EA ALT EA. RENT ED CN Ee) CC A IAE RATES n CRA 
Wir y e dé Ze E cn wis ey? V A Ay mr A PU va A, M NIMM XA ne m PRA Déi du dk b È: a, K krtek E At cm E 0% SAL vla: PS per k Gr Prata robe VA T 
À : VA RU CN Ve: f^ A ^ f (a? 5 coq Kc 4 wafers E ahn pt hs o 
dÉ py K X SA E n h y Ki Gi fs vi E d e Ken y Mod: D KU EC M o ATA Ku PRA LI Rao ial x Pia vo o I. 
15 É MM E * Le Léi E - a » ve éi sa A A Ji p i v k Pe. ^ + y: i E] s m ES IT 
nm ‘ uk a Aat k ek? ) T AJ KA E ANY: zla SEN p KM ala "d Kä Ge d r DOM Su À VEŠČE Aë VE SE Ne dae SA Sich a > 
d | UJ a C ACA da Oh REALA 1 Pus ICA. Bum LS Wb D UK s ¿UN AEO V A9 SI RU E M afe: M a nf ED d KU ddv ao perth SÉ 
, CEBIT KENAN EA NN KE, AM > AS AA AD (Ee Gen GE a E 
me Ue, Ké JE 14 JV ei^ y e ës “3 ele 3 Ai, Geen? bep M PE bt EE CC s bech Ee rl e E ae E rar pera 
A d d HAS Wa RAR Hi DO DEA ] 3 IV [olo 39, QUI Visio HE ay » TA Uni 4 LU P e Li ha A Se M [3 fe A AA 
vos K ML LA T TUA "JA Iva KA d: a INTA A MARIO NA Sen: p RNC yl le ap az, dy. KÉ e hi TOU geen sine E ae hes : LE P Pr 
' 1 die ) PARE ad A d dE "Oe no "we A L AD b no D OD Va SE A vw RK zk i d rw. PR Vi g err do T FAME 
D = D } an rs à 4 ds, ^ ergi te teža! A H IK Wé? Ok du le He ay LA RI m k. lh (CLAS ere HIT Ri Palm? x prio EE poro dis stil ER 4. (go P 
H e Mer a " n H vy y i Au D^ D Dn e n V vi N d (OI A E MA Val LC RAE RE t Ze GR ti, Rot p Ex Kai 
y k VÊ deit * il RICE y PA Ms pus OA A h AR Dew Ab AT AJ EA za A 9 x. NK Kai vii Ast D N I Pere rg ie r9 p Ki 
, D ] Ié n wee Wl éi ^ Dave fa DE v vr x OT H Ehe d Hi DE ki SAC me SC nt. Kid E; Se DS rži 
A e d Vi D e sn LA i da 4 GA Vi had E LE Re Gi? ag Ah té WË “4 to E ES es Ab e Ee e eta KERALA MEE iles 
» SN dr ee Ge EE SE KE AE GLIE È PARI 
P ! ' A EE D q's u’ UE: s Ria ; Kä ek eot del či x: hed y4A7 watt? e A PT A SE E) > LC 
k A A n D INR n wa da e ¿pe LN H M rat fat Lo UL Gei » fh Li Gira? nali m Ly» 
d AS 4 WM P dr >.» EAN n v b Ux vie DAS SCH HO AA: KC AT WU se KO Bas NS pis hit Ga A LS ia 
k A MEN EE EE Eë SE D SE EE E e 
d Je BOLD A Lg Nr PRO Vd ber? he Ad ^^ id id. : epee tia GE: TROT ESSE PERS 
dE UOS e UD EA DN E A DEDOS OO ee EE CS E DO ES ce 
1 T PR ETT Ù P 5 x Be ie LN A K E EN 8 H d ees ® 3 v ra ` E 
UNE R IO a! d > i ER RM ULLAS: D JAS [ Ge Du Y EEDE Pu à Nb KAM DN EOM ru Wi sb para ap NP p i rud aig LEUR D ex Da Co SE SI Dës 
' d 1 LJ V uo " d Dh A PAN IC f A UR Dt ) ot Li e pe! , * EN ` Ka nc at di KE x EIS y okis RATS. TEN Ule 
t (P " 4 4 (Lë N DA { H eT H Eia 5 È A scil D d H y LISA LE gto A 4 a p" N dw A KC t Bé DA? 3 H4 iS "ii A Po 
d "IE Tre Mts 7 Wb IU KA d 3 LA MR kt Ob un ZA pv Pty) m Zl 2 zen a 2 it pi teg jo ERA A n 
* TA ; È i) A À D H d TUM eos fa v P Ké. alo ss py i oz yee eS Tel Ss T e CN 
ER h BOI RR EE i js EE z o tans wi EE SE AE 
, h PET. R Ups E K aCe Tey r Y Ix Vi URA BEN, : D y Pta tias LA 
‘ po. WW Te LES ^ gf va Nich P. n T D Get d Kan k VR KA CH $ Li Du OC ELE sen 
ys KE A fy AES P de. Q^ pm d- d KAN ak SUA if Ra IS nuto RE A dl H P 
, H H H D DE. LA A d d H AL E fa}: id Li D ké E Shi Sa : 
' ssa ? Mate Wë) d. o Ya IE SO ra M ini URA eg ge e o E ie Mat dis ei YU e +4 dip è E 
A t - d E ai. EN RO CAO ^ È uu T rb DEN È KE b AAA o ie GEM e RAR E A M Ee n GN s 
a k 4 i “pa " o DE MAA DA e? E a EI Pa =e H iru Ri. AM JA 
, e " H y 1 d y H el rdi b AN CR: hs 
5 i GË ` Ww d + A sei, d RK q p n d No. sko BR ^ VN ua a p di 
o d ono Ro di hé ROS FA CEA LES PA 
En EEN oC LOEO n wo d 
H A A A » son. A ae RN es? e KS Hn + 
Ee WË Wë, A AA A ika ho v Een DATA D D GE po 
ta e Oe, EA EA DE Eco p E 
A LP EL p MU HS? d Sai? e NM: obi! His A ON YO ALA “is EEN An 
H H D UM b 1 T el E tono bej H KiC Y 543 KM) D Kéi 
D 11 D H LEM E 1 1 M d d A E +! 1 Co Se i 
dia Py s K È a O na tt O 
E J ^A q y ‘i > 8 nd A d BEA Kx ro Eb sh AES AS 
> GO NI GC RAMES MO EO WEEN LS E 
NEA EU J Y LE e GH i T5251 a d' ETE 
a " | d pM , d J na na ML qoe Se Seet: C È 
mm È TERIS bi io Mu i n ne PERLE RE 
DH. pd V 
sa È SII) EE es PERA 
1 > à Ph SE a Mis i 
; 9 EK DEC Ee Ree 
ma BAe Se S aped DIU EET, 
E KWR bi da cu e Eta 
TIA Cé iod Wer Ve ES qm 
> P E Ee See o 
. Ly D o LJ 
a È RIA di SE SE S DE E ie 
, km uto pi d 
M. JA E OČE e va T Ke EN pue. 
P ott Sd e Tre SE So GC EE ad Es 
y 1 To P. e DT S P AA Uu Ca ita ka ES 
vi noe So > ER SE AE lees 
+ TI 4 SECH E ER] E Mf A es 
UN LAKA [7 CE SH a ei I 
ms, d EE i... cn P Late Ce 
1 A Dx MEO UE Ed SPEC EU E; EP i 
; j m. De ey PERERA A SECH GER, GE ES neč a A 
' ^ » d EN di it = WC pas. te 3 vi E q à i 
" NE ET MILE, Kb Di P ES ; Lat Ca AS esci A 
, ML H ES d Ga acer o EE Géi d Pay ah NE Ve mine A Tim y 
ng i ? Sa E gd Y 4 EA e " m De HAT y SC d CO CTS Ke AI PI dn Les 
M D d F A e j A ; a e Gs P 
D or ME ru piše Po Ct PE SN mu ftp P d 
> d RS iP GER e PRT y A É zs n un See Kee d bd jo 
i E de Tt SE SE E Set LAA eed 
A d "ha UH vd Ce ? 
y f A UI Um T X" € ee Péres ERRA LTT en SA zm 
E d zy, Av p afa Ch Soles ey Pa TT Ae f: 
/ / A S y ` D ei - Lë 4 P D 
; | N d VA a i Z5 Peti e D ete ES a SELLA epu Z 
A SC 2 GE SE Ce DC Mn po ds Ae H È P ei 
` gd, E nu Da SCH geo UW PR 4 bee DA D E EC Lët rs 
E A à E aes D GO Ai Kréi Er zu co pais? fa ZG dE solne: FILO d e? 
e, i RE SSA SC Ge E REN ae s 
vM A e A n) AM di s Dia» dati » 
14 LI y MS 10.9. A go Ke VIA 
LIRA D [ Mi E GE SE OH 
s LI : Oé CE Mag 
D , 4 Eé Low d Mou h, 
A d SC SC Lé fangen] p 
x A a di Ads PRAIA 4 
"ma E pk Veri DE 
i SIENA ` ID O 
15 i AC ia SU. Uu D reih | Ae 
r ] E sin PP M d. 
J A RN a ab, Ee CUL as Ger 
EN $1 ) Ka E hi DEM a2 E 
PoE EN Ié GK ek SEN d 
LI nd E D ` 
y i ' Ny NAME I Ke è A fa pink Add Li 
a ge de wi EN f PA 
EE dE EE 2f. a pečini 
SCH Ku. ON f ; i E E 
^ x WV én V Bé H SN 
S a m à » d Be a I DU ROM RE Se E AA s 
AL CM H a AT É) Sege, Or A. 
IT. d EE KEE M AE ds id 
r 1 1 . du H WA s. SN? DV AMI : EA yd Dë ed Se SE 
Y D s Ke H Ed SN ALA E A i P ect = o è d ^ 95 as 
‘ A y e 3 : r H d ek éi > 
aa JE y PERA e MN E on VUA. Les CE EE ex re 
e ` E a k i.» Di d Le ON" "ZK È ne "1 v 
E d bo P sare hi pi Y M FI 4 % äi d B y dor 4 ik, EN? d L ary pa go gary 
O TAE y E ve.) nS LUN Uu MA ne NS RA ee D DC: i E sun WE SE 
‘ + A " > Ir ; Op Iw KE SÉ IIE | SE NA "n Leute Cid a puš SI 
D D» rl n As s: a RM Me ` { b iš KEN » 
d 1 D "iča 9) ; fy ORK Sek Va gy QUON f s? bei Bee ) (KR? mg wi eet ` E 
AO NES ELA MLA OLI, SUN EE 
P UP Kv KA Au Wi EIA Wi ES E KM A f f bf i LO ft Eé 
J r pei [M dei: LAT it MAP ^ HESS ; 3 E Pet] a SI sede 5 
v ,. LED dv ad A UN HU j Me KA nda an x q Bo gita D Pod po SE 
| J ; A A pou FE AR sa Mora z a EM) MS OP Ar Mä KA sio m 2 s 3 Y ER POS I) UP. vene i 
d d RS Es VC x Morena: ČKA ai as Se $ DOS E dee We dora PE 
H e +7 P^ vi, i Wei i CR: P de Kid OCH, UP an D Pe SCH AC k A 5 Le d 
EI ž LA Nes E [PAR s ^ LM Mrd 5 D T UNE ? Uf Jur o b x s 
» AJ Alia by. (2 ENN id eV d Ke mE A SE Më Si AO a ngs Pa” SE md ni E im ga ža, Du 
) P ET ESA i HER Saee AD d K OC e ne Kéi e GR "ck? a e m m Pu K SE € E 
R P N N E 1 y E Vi È à, 4 ea N P ON Li no à DI 
> A SEA (any a dé EM NN, Ge BER ^ Më, WE VOTE: OP = rs der 
idr a Cl Wu EE 3 at Se bito cd | PAČ A KEN Mi NOS us Rote RAI De 
BM 4 DATAS D E ye » n za rent yn E A EN CH ^ p SEH je So AE AS SEN dE 
E - ^n d n ) goer n Po e m d e e, iu PON DE CR T BO E Hi f WC: i $ id Gë A E Mein mJ gus sy 
- ‘ OR] N j " rc] 2 ed BR dé ny D Léi [JA o d (DN 4 HOS SIUE ne be 4 ži) a e (e TA há KW ee 4 
M WO (IR i TA JEU Gë NW Ht Hh LA y wv Ps ch, Ada Lee 4 yy A dei, UU q Eas VÍF 40.7 RS GE 
| D Ps} 3 ] | X 3 é t. KX? 
` di JC NN EKI Ne KE EE AER vi pre AGRA Da e Ss t PE DITA Varia Wie 
2 ‘sì Poi, E: ZUEAC ' na 3 D > VT 4, Sm Te Zi, de ^ i FRA ai s D 4. vs N IER LA n A Roo d e Lady CS: ca AP 
; VW CT de " JE è d Ké KS GO Kä H E oM V (ei i d T Ke mA A IN Säi Lë RAM a Sit 
> di TRA FOE M Oed VIZE D Vir" Ir, st, AA re d Ge AA Kee xu LE Kaes 
dë E EA. NE M KOC OR ys DOORS ae dech D n A AS pra Nas SE ie ii, E a ie MESS uS te IR DES nding: 
> y Pn QUICK UNO ye di E OM OP A m (CH d Miss bra, zi Sa A os J 3 
fi ^ CN Med d . pay $ TRUCO "9, quit, D v VS WO Dë d'A A CH \ ar A Va Ni Zen ter ct eA ëch 
, ERAN Ju A SOIA Y > "7 VW E d'A n. A cw A af Cox AA a e es 94. ro 
SP nde s 3 D À 4 ah. As D KE a CL CK: É 4 o kb o e "i XA v » KX ` CG el [] P BA da 
TA KE ne ke, do to a^ di VANJA ns Va solit he MI We Géi t UG hčero dI ROO SE e SC v SRL A EN EA 
] tai f >» Si k NV ts "i i pene BU M A RAJ E dÄ PE WH NN E e A Dee a ŠE e SE polipa ES ` 
} Zn E um d 1 e M n ki A. SA A s We KA Kë ASI 
do : ERN Ku Es A We? WA WEE SN ap PRA Ki 
: , ra "um & TM ko A M p e BIO va De a Ke Té WA M AM NY DO pa VER Lé CET en OR a s NAAR 
7 » di d A fe d y 
zA A OECD UN De M ui NR Kee “a SCC KN o da à, Qe VENUE M SE : 
aL KANA MU RACER Nm Raat EU ART NU ^ 
dE ET ; AU yu NW É) RU AU SM A ESA \ 
E ' dei Ce NW P xy Cy 4934, RT A i y Ka Gë Sie Red $ ne a : 
d m. N “TY OA E E Ra he d dé 1 WW E > QU n id s ie ONO XE Vi ND AAA DCK Ser 
1 d 14 A A vd, DUAL Y ey A f A op . 4 A MALE 
LAM. y SC pie RA ik ee Lë Ke EE SEN GE A CATZ 
E E P LE K + Ri "y “+ M N A 
A ^ " x zs Ju Dons ČI Ke bu 4 » Ki ; a há S LA UCONN LR hi D Ma HM m 35d LA CW m 
1 " D Rm 1 " i + a A DP 4 scd Paty s D Ce M È è 
E 3 J^ ki € Vë i fi A o "d Yi j ka AAA Ce A PA A A A M Y ev KÉ ^ Hee GE ES 
: H 1 B ME $ oe aa "A La Muy P (NA hei | f n OC ; Ri D ES a , 
PES | “es *) E. 1. ks 1 f Ie EY Pa o ga f 
A d Lei 4 ie Ar H Te ww: E Y i 
D A ' d e i% 13,9 I n UI È 2 uU 
s 7 n. A 4 du AN MX LOCA, ZEN > kk 
mS v AA) ROSA d ERAS 
ED È LE A Yu UNO, x E 
z PEE m dg DNO yh unus A sd ERAS 
a f * ì 2 * P 
n " T i fu "ue d? Ziel NW ree a 
so d " , A o RA KOH ONE . LES 3 d e" 
i | i O We Ce UNO 5 
d CN sta ir Oncm K A AN vo: VW déi K A (ei NA È 
See) yn uer OE M AAA ENS I, SEN At 4 ` 
ee e da SM yi i Va AU Let Y? ! 
. + t D Jh, JS ei 
A D " ^ 1 D 1.05 A Y K A E AED (a - 
A K eae ì } VAN ah 
D D "uw DESI ] KUM à 3 zc I 
2 | d NS de PE 
b Se ^ VETT "T "n 
e ET ad's 
A ' y! , aos 
D 
4 d D 
LI 
4 














NAVAL POSTGRADUATE SCHOOL 
Monterey , California 








THESIS 


COMPARISON OF ALKALI ION EMITTERS 
by 


Dean Alan Gant 


December 1991 


Thesis Advisor: 





Approved for public release; distribution is unlimited. 


1260819 





Ee? 


La 
aP Y C ASS Fr AT 







REPORT DOCUMENTATION PAGE 


o REPORT SECORIT MAASE ENSA Tio”. 


UNCLASSTEDED 
ES SECURITY CLASSIFIGAT Gr, AmTHORS + 











DISTE BJT AVAL ABRA" 


3 


















Approved for public release; 


EI DECLASSIFICATION DOWNGRADING SCHEDULE 


distribution is unlimited: 


MON SCH JK am ORC AT T a e [2 t po fi 

















[4 PERFORMING ORGANIZAT ON REPORT NUMBER 


















65 OFFICE SYMB 
(If applicable) 


Je 


6a NAME OF PERFORMING ORGAN ZATION Ja NAME OF MONTORINO DEVAM a. 

















Naval Postgraduate Naval Postgraduate School 






ADDRES‘ and ZIP Code) 









(City State Tr ADDPESS City State and ZIP Cod 


Monterey, CA 
93943-5000 













Monterey, CA 
93943-5000 















Bb OFFICE SY VB 


NAME OF FUNDING.: SPONSORIN ji 
(/f applicable) 


ORGANIZATION 






ADDRESS (City State and ZIP Code) 






DI 






TITLE (Include Security Classification) 


COMPARISON OF ALKALI ION EMITTERS 





12 PERSONAL AUTHOR 
Dean Alan Gant 
13a TYPE OF REPORT 


Master's Thesis 
16 SUPPLEMENTARY NOTATION The views expressed in this thesis are those of the author and do 
not reflect the official policy or position of the Department of Defense or the U.S 


18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 

alkali ion emitters 

EN 

DES ses 

19 ABSTRACT (Continue on reverse if necessary and identify by block number) 

Lithium, Potassium, and Cesium ion sources have been studied using devices based on 
thermal emission from a Beta-Eucryptite structure as possible ion sources for use in 
satellite charge control. The experiments evaluated the power requirements of the 
different ion emitters to produce approximately 10(microamps) of current and tested 
the effects of using an Osmium-Ruthenium coating to increase the work function of the 
emitter surface. Lifetime tests of the different ion emitters were also performed. 
Analysis of the experimental rindines Showed that Lithium ion sources with a lifetime 
of 93 hours and Potassium ion sources with a lifetime of 44 hours produced acceptable 
current levels for use in spacecraft charge control devices. l'otassium sources 
produced the necessary current, 10(microamps), at 140°(C) lower temperature than the 
Lithium sources. All of the coated sources produced wildly fluctuating currents at the 
10(microamp) level and were not acceptable for the purpose intended. 





20 DISTRIBUTION AVAILAB = OF ABSTRACI 2 ABSTRACT SEČEM TY CLASIF 
K] UNCLASSIF1E D/UNLIMITED.— DD save AS RPT C] OTIC USERS Unclassified 
22a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) 
REC Olsen (408) 6646-2019 
DD Form 1473, JUN 86 Previous editions are obsolete EC I I: CC ee Lee e 
S/N 0102-LF-014-6603 Unclassified 


i 


Approved for public release; distribution is unlimtece 


COMPARISON OF ALKALI ION EMITTERS 


by 


Dean ga Manu 
Captain, United States Army 
B.S., United States Military Academy, 1983 


Submitted in partial ilment Of “ene 
requirements for the degree of 


MASTER OF SCIENCE IN PHYSICS 
from the 


NAVAL POSTGRADUATE SCHOOL 
December 1991 


Department of Physics 


ii 


ABSTRACT 


Lithium, Potassium, and Cesium ion sources have been 
studied using devices based on thermal emission from a Beta- 
Puce yrLite Structure as possible ion sources for Use 2n 
satellite charge control. The experiments evaluated the 
power requirements of the different ion emitters to produce 
approximately 10(uA) of current and tested the effects of 
Being an OSmium-Ruthenium coating to increase the work 
tuw tion of the emitter surface. Lifetime tests of the 
different ion emitters were also performed. Analysis of the 
experimental findings showed that Lithium ion sources with a 
lifetime of 93 hours and Potassium ion sources with a 
lifetime of 44 hours produced acceptable current levels for 
use in spacecraft charge control devices. Potassium sources 
produced the necessary current, 10(4A), at 1409(C) lower 
temperature than the Lithium sources. All of the coated 
sources produced wildly fluctuating currents at the  10(^4A) 


level and were not acceptable for the purpose intended. 
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i. INTRODUCTION 


Satellite charge control technology is needed to improve 
Sarellite survivability at high altitudes and to improve the 
results of scientific measurements on research missions. 
Plasma (ion) sources are needed to reduce the positive 
charge induced on illuminated surfaces, by photoemission, 
and to reduce differential, negative, charge buildup on 
shadowed insulators. Previous experimental work on 
satellite charge control devices at the Naval Postgraduate 
School considered gas discharge technology (holiow cathodes) 
and, more recently, solid state ion emitters.[Ref.1,2] The 
solid state devices considered to date utilized Lithium 10n 
production. These emitters produced sufficient ions, 
approximately LO(:A), for use in charge control devices. 

One drawback of the lithium sources was that the power 
requireme;i.»s were greater than the desired power of 
approximately 15(W). This thesis pursues the use of ion 
emitters wnich produced Potassium or Cesium ions instead of 
Lithium ions. The idea is to determine if the power 
requirements for ion emitters could be reduced by using 
other alkali elements with lower ionization energies than 
Lithium without decreasing the source lifetimes or current 


production below the levels required. Increased ion source 


lifetime and lower power requirements would increase the 
usefulness of the sources as charge control devices on space 


vehicles. 


The work described below is based on the operation of an 
ion emitter design which uses a tungsten pellet impregnated 
with different emitter materials which have a common, Beta- 
Eucryptite, crystalline structure. Lithium, Potassium, and 
Cesium ion emitters were tested. The experiments were 
designed to evaluate the power requirements to produce 
approximately 10(uA) of current, the level which would be 
necessary for the ion source to be used as part of a space 
vehicle charge control device. Tests were done on the 
effects of coating the surface of the emitter with an 
Osmium-Ruthenium layer to increase the work function of the 
emitter surface. The lifetimes of ion sources with 


different emitter materials were also tested. 


ll. BACKGROUND 


A. SPACECRAFT CHARGING 


1. History 
Spacecraft charging is defined as the potential 

difference between the surface of a spacecraft and the 
Surrounding plasma. Such potentials result from the 
interaction of space vehicles with sunlight and the 
surrounding plasma. In sunlight, high altitude satellites 
typically float a few volts positive.[Ref.3] In the absence 
of sunlight, potentials comparable to the energy of the 
ambient electrons can develop. Negative potentials on 
spacecraft ranging from O(V) to -10,000(V) in eclipse were 
first reported by DeForest in 1972 when observed by 
detectors on ATS-5 (Applied Technology Satellite-5). 
DeForest also reported that typical satellite potentials at 
geosynchronous orbit in sunlight range from -200(V) to a few 
volts positive. Further measurements of negative potentials 
were observed by detectors on ATS-6 (Applied Technology 
Satellite-6) and SCATHA (Spacecraft Charging at High 
Altitude) satellites. Olsen reported the largest observed 
negative potential to date, -19,000(V) in eclipse and 
HEN an sunlioht whacçho oecurred on 


ATS-6.[Refs.4,5,6,7] 


The occurrence of negative satellite potentials in 
sunlight was something of a mystery, since the current due 
to photoemission was so much larger than the ambient plasma 
(electron) current. The resolution of the mystery involves 
the process of differential charging which is the 
development of large negative potentials on shadowed 


surfaces.[Ref.8] 


2. Charging Effects 

Spacecraft charging, defined as the buildup of charge 
on the satellite frame, may blind some environmental sensors 
but is not a major problem by itself. Charging becomes a 
problem, endangering satellites and their operation, when a 
potential difference develops between adjacent surfaces. 
This potential difference can lead to arcing. Arcing, which 
is nature's way of balancing the charges, is observed and 
reported as spacecraft operational anomalies. Arcing can be 
a serious problem and it is possible for satellites to be 
structurally damaged by strong discharges. In addition, 
weak discharges have been related to unusual electronic 
Switching incidents, thermal coating breakdown, and 
degradation of solar cell and optical sensor operations. 
The initial correspondence between spacecraft charging and 
operational anomalies came from comparing the time 
distribution of the potentials measured on ATS-6, shown in 


Figure l(a), with the time distribution of operational 


anomalies shown in Figure 1(b). This comparison showed that 
spacecraft anomalies occur more frequently during periods of 
increased potential as measured by detectors on the 
satellite. The detailed analysis of a major charging event 
on the SCATHA satellite, in September 1982, established a 
clear link between satellite charging, arcing, and 
operational anomalies on the SCATHA 


satellite.[Refs.4,9,10,11] 
3. Charging Sources 


o Fholoelectric Hect 


/ 
Typically, the largest current at geosynchronous 
orbit is produced by the Photoelectric effect. Photons 
which collide with the surface of the spacecraft can knock 
electrons from the spacecraft's surface. As electrons leave 


the surface through photoemission the surface builds up a 


positive charge as shown in Figure 2.[Ref.3,12] 


b spece Plasme 


The ambient space plasma also contributes to 
surface charging. A spacecraft is constantly colliding with 
charged particles, which are collected on the surface of the 
satellite. Surfaces in shadow will typically build up a net 
negative charge as shown in Figure 2. This is because the 


flux (nvth) of the electrons is approximately 43 times the 


ambient ion flux for a Hydrogen ion environment. Some 


spacecraft geometries can actually enhance this effect by 
having depressions in the surface of the 


spacecraft.[Refs.4,9,13] 


c Uterential arene 

The spacecraft would charge to a uniform potential 
if the materials making up the surface were uniform good 
conductors. Satellite surface materials, however, are 
selected mainly for their thermal properties which leads to 
the majority of the spacecraft's surface being made of 
insulators instead of conductors. Also, solar arrays are 
made up of glass covered cells. Therefore, there is a wide 
difference in the conductivity between different areas of 
the surface. This conductivity difference leads to 
differential charging in which the sunlit areas of the 
satellite can charge positively, while the shaded areas 


develop a negative charge.[Ref.4,12,13] 


D. SPACECRAFT CHARGE CONTROL 


1. Passive Control 
The photoelectric effect and plasma bombardment 
combine to generate the majority of spacecraft surface 
charging. Many aspects of vehicle design including 
Stabilization techniques, material makeup, and orbital 
positioning may vary the generation of surface charge due to 


these processes. In particular, spacecraft design using 


conducting materials for surface construction and proper 
grounding can eliminate a large percentage of charging 
problems. Also, the photoelectric effect and plasma 
bombardment do offset each other to a certain extent as 
would be expected. However, realistic designs restrictions 
and some specific satellite missions eliminate the 
possibility of sutficient charge control through 


manufacturing techniques and orbital placement.[Ref.4,9] 


2. Active Control 


Active control of spacecraft charging would require a 
satellite to be equipped with ion and electron emitters 
ea rable of producing Sufficient quantities of charged 
particles that when emitted from the satellite would 
neutralize the effects of charging on the frame and 
insulating surfaces. For science missions, typically 
utilizing conductive coatings over the insulators, an ion 
emitter would be necessary to neutralize the positive 
Spacecraft potentials encountered in sunlight to allow 
measurements of the very cold component of the ambient 


plasma.[Ref.14,15] 


3. Observation of Charge Contro! 
The effects of plasma emissions on spacecraft 
potentials were reported by Olsen in 1981. Observations of 
the charging effects on ATS-6 in conjunction with the 


operation of an ion engine were examined to determine the 


effect of plasma emission on satellite surface charging. 
Data analysis showed that plasma emission could be used to 
control spacecraft charging and differential surface 


enarging amen.) 6a 


Ion engine technology, as applied to charge cont meme 
utilizes a gas discharge. The core of this technology is 
the hollow cathode. Such a device is scheduled to fly in 
1993 on the National Aeronautic and Space Administration 
Polar satellite. The technology has some drawbacks. The 
gas feed system, including pressure vessel, valve, and 
regulator is heavy. The system can be difficult to 
integrate and electromagnetically noisy. Weight and power 
limitations led to a new charge control design for use on 
the Cluster satellite. This design is a 7(kV), 10(#A), 
liquid metal, Indium ion gun. The limitation of this desran 
is that it does not affect differential charging, since the 


7(kV) ion beam does not return to the vehicle.[Ref.15] 


4. Charge Control Device 
Concerns about the problems associated with gas 
discharge technology motivated a search for a different 
design. This search led to studies using the Lithium ion 
source developed by Heinz and Reaves [Ref.22]. This source 
has been previously studied at the Naval Postgraduate School 
[Ref.2]. One implementation of this design using the same 


principles as the previous work at the Naval Postgraduate 


School is shown in Figure 3. This device, invented by P. L. 
Leung, is a quiet plasma source which produces a plasma from 
separate ion and electron emitters. Leung's plasma source 
is designed for use in examining space plasma effects and 
can be used as a charge neutralizer without causing the 
electromagnetic interference associated with producing ions 
using impact ionization discharges in neutra! gases. This 
thesis will investigate the types of ion sources, which 
Gould be used in a source like this one for spacecraft 


charge control. [Ref.17| 


IL. THEORY 


A. ON EMISSION 


Ions are easily produced by placing certain materials on 
the surface of a heated metal filament. The coating of 
impurities can be evaporated as positive ions as long as the 
work function of the surface of the filament exceeds the 
ionization potential of the atom that is evaporating. This 
principle is used extensively in mass spectrograph studies 


such as research for unknown stable isotopes.[Ref.18,19] 


Blewett and Jones compared several alkali alumino- 
Silicate sources using this process by heating coated 
tungsten spiral filaments. Of the alumino-silicates tested, 
Beta-eucryptite was the most satisfactory producer of ions. 
It produced almost twice the current at a given temperature 
as the next best source. At 170(9C) below its melting point 


it produced as much as 1 (mA) of current.[Ref.20] 


D. BETA—EUCRYPTITE 
|. Structure 
Beta-Euverypti tenta 50- Al; OC 2 ven kis an 
aluminosilicate with a crystalline structure as shown in 


Figure 4. Its structure is similar to high temperature 


TO 


Guartz with the exception that half of the Silicon atoms are 
replaced by Aluminum atoms in alternate layers along the c 
axis. The Lithium atoms are situated in large holes in the 
center of the lattice structure and bound to Oxygen atoms. 
These Oxygen atoms also have electrostatic bonds to one 
Silicon and one Aluminum atom. The bonds to the Silicon and 
Aluminum atoms are much stronger than the bonds to the 
Lithium atom. When heated this difference in bond strength 
causes the structure to expand in such away that the 
Centrally located openings in the lattice are increased in 
Giameter. The Lithium molecules, located in these opening 
are then easily released when an electric field ıs 


applied.[Ref.21] 
2. Production Mechanism 


Crystal conglomerates of Beta-Eucryptite, which were 
essentially single crystals, have been examined in order to 
determine the conducting mechanism within the lattice 
structure. Measurements of the thermoelectric power of 
Beta-Eucryptite showed that the crystal was p-type. This is 
Geomsastent with having a concentration gradient ot 
positively charged Lithium atoms oriented along the 
thickness of the crystal. This explanation was confirmed by 
observing that Lithium ion production is increased when the 
emitting plane is perpendicular to the symmetry 


murs |Re[:21] 


3. Conclusion 
Therefore, the structural analysis and experimental 
results indicate that Lithium ions travel through channels 
in the crystal structure which are enhanced by heating the 
crystal. This makes the structure of Beta-Eucryptite an 


excellent configuration for thelbroduction of lon 
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IN. ION SOURCES 


A. INTRODUCTION 


The ion sources used in the experimental work of this 
thesis were produced by Spectra-Mat Incorporated of 
Watsonville, California. These sources are based on a design 
by O. Heinz and R. T. Reaves. The source takes advantage of 
the nonuniform crystalline expansion of Beta-Eucryptite in 
conjunction with the high work function of a porous tungsten 
disc. The source, coated with Beta-Eucryptite, when heated 
Tsaa Copious 20H producer. -It is used in conjunction with 
an extraction grid, placed at a negative potential, which 
overcomes the ion vapor pressure at the emitting surface and 


accelerates the ions away from the source.[Ref.21] 


D. JON SOURCE STRUCTURE 


Based on the fact that crystalline compounds of Beta- 
Eucryptite would emit Lithium ions when heated above 
1000(°C), Heinz and Reaves designed a compact Lithium 
emitter in 1968 which is shown in Figure 5. This source was 


described as follows. 


|e 


The emitter consists of an indirectly heated DIgg do 
porous, tungsten plug into which the emitter material has 
been fused. The molybdenum body holding the tungsten plug 
is machined with a solid partition for complete isolaviem 
between the emitter and the heater cavity. The three 


rhenium support struts are brazed at a 120° spacing witha 


moly/ruthenium eutectic at 2100°C in hydrogen, yielding a 
Guctile and versatile mounting tripod. The heater 15 a 
noninductively wound bifilar coil with heliarc welded 
rhenium leads solidly potted into the body cavity. The 
high purity Al5,O2 potting@mixegis H^ fured at 1900 s 
which completely immobilizes the heater. The emitter 
matrix, a specially prepared, extremely porous, tungsten 


disc with a density of 30% (70% porosity) is heliare 
welded to the moly body.[Ref.22] 


C. EMITTING COMPOUNDS 


i. Compound Composition 

The ion sources examined in this thesis were coated 
with Beta-Eucryptite compounds. They were prepared by 
piacing an ion emitter impregnate mixture of 1 mole of 
alkali or alkaline earth carbonate, 2 moles of silica and l 
mole of alumina on the surface of the porous tungsten disc 
and melting the mixture onto the disc at approximately 
1650(9C) in a Hydrogen atmosphere. The alkali or alkaline 
earth carbonates are greater then 99.5% pure. The silica is 
140 mesh powder and the alumina is 0.05 micron 


alumina.[Ref.22,23] 


2. impregnate Mixtures 


Three different impregnate mixtures were examined in 
this thesis. All three were prepared as described with 


different alkali elements. These elements were Lithium, 
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Potassium, and Cesium. It is assumed that the Potassium and 
Cesium atoms replace the Lithium atoms in the structure of 
Beta-Eucryptite without changing the crystalline structure 
of the lattice. In addition, some Potassium and Lithium 
sources were coated with a 1 Angstrom coating of Osmium- 


Ruthenium to reduce the work function of the surface. 


3. Production Differences 
During conversations with Spectra-Mat 

representatives, some differences in the actual production 
of emitters with these different impregnates were discussed. 
When the Lithium mixture is melted on the surface of the 
disc, heating is reduced as soon as the mixture glasses 
over. As the device cools, a portion of the impregnate pops 
off the surface. This leaves a deposit of Lithium 
impregnate on the surface which is flat and requires no 
further processing. When Potassium and Cesium are used, the 
same process 1s followed but all of the impregnate remains 
on the surface of the disc. This leaves an unacceptable 
surface which is flattened by grinding a portion of the 
impregnate off of the surface. This suggests that the 
actual amount of impregnate deposited on the surface is not 
as controllable when Lithium impregnate is used. In 
addition, none of the impregnate mixtures can be completely 
melted into the tungsten plug without evaporating the alkali 


atoms in the process. 


15 


V. EXPERIMENTAL EQUIPMENT 


The experimental equipment consisted of a vacuum system 
used to produce a high vacuum in a chamber, various 
potential and current measuring equipment, and a power 
supply to provide power to the emitting source heater. The 


emitting source was mounted in a specially designed ion gun. 


A. VACUUM SYSTEM 


A Varian vacuum system was used to provide an 
experimental environment of 1073 to 107?(torr). The Varian 
system used is equipped with a turbo-pump to produce high 
vacuum pumping. The normal operation pressure for 
experiments was 1.3 x 1077(torr). This system is not 


equipped with a liquid nitrogen trap. 


B. VACUUM CHAMBER 


The vacuum chamber was a large glass bell jar. All 
electrical connections were made through standard vacuum 
connectors on the bottom plate of the chamber. A copper 
mesh screen was wrapped around the entire interior of the 
chamber and used to collect ions which traveled through the 


extraction grid. 
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C. JON GUN 


The ion gun, shown in Figure 6, was centrally mounted in 
the bell jar. It was designed to electrically isolate the 
extraction grid from the emitter source and the source 
mounting plate. The electrical circuit used during the 
experiments is shown in Figure 7. Ceramic tubing, cut to 
the proper length, was used to isolate the connecting bolts 
and also used as spacers to separate the plates of the ion 
gun. The spacers allowed the experiments to be standardized 
with the extraction grid positioned .25(in) from the surface 


of the emitter source. 


|. Extraction Grid 
The extraction grid was constructed from a thin sheet 
of tantalum. A 1/32(in) drill bit was used to perforate a 
circular area 1 inch in diameter in the center of the 
3.5(in) diameter circular sheet. The exact transparency of 
the grid was not directly measured. The holes are spaced as 
closely as the machining process would allow causing the 


grid to be approximately 40% transparent. 
2. Mounting Plate 
The emitter source is mounted on a thin tantalum 
sheet which is attached to the center of a 1/4(in) thick 
aluminum disc for stability. The tantalum sheet has a 


central hole allowing the heater leads to pass through the 
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mounting plate. There are also small holes placed to line 
up with the support struts attached to the emitter source. 
During mounting the struts are easily bent over on the back 
of the mounting sheet to keep the emitter in position. 
3. Support Plate 
All electrical connections are made on the back of 
the support plate. The support plate also has a central 


hole to allow the connections to the emrtter's Heater o 


pass through the support plate. 
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VI. EXPERIMENTAL OBSERVATIONS 


All of the emitter sources were mounted in the same ion 
aun and positioned .25 inches from the extraction grid. TOD 
prođuction was measured as a current flowing to the 
extraction grid and the copper screen surrounding the inside 
of the vacuum chamber. The total current produced by a 
source 1s reported as the sum of these two currents. The 
temperature of the source was measured with an optica: 
pyrometer focusing on the side of the canister in which the 
source was contained. Frontal temperature measurements of 
the actual emitting surface were not possible because the 
transparency of the extraction grid was not sufficient to 
allow accurate readincs through the grid. During normal 
operations the screen potential was maintained at -200(V) 


and the extraction grid potential was maintained at -100(V). 


A. LITHIUM JON SOURCK: 


Two Lithium sources were tested during these 
experiments. The first source was used to exhaustion for 
the purpose of lifetime testing. The second source was used 
to verify that the results of the first source were 


reproducible. 


ro 


I. Lifetime 

The first Lithium ion source was slowly heated until 
it reached 1100(°C). This temperature was maintained over a 
period of days. The source was operated approximately 8 
hours a day and power was turned completely off each night. 
The vacuum os torr) was maintained at all times. Figure 
8 shows the operating lifetime of the source. The lithium 
Source current production increased each time it was 
operated through approximately 90 hours as shown in the 
figure. It reached a peak of 30(uA) before ion production 
began falling rapidly. Figure 9 is an expanded graph of the 
final hours of current production for the Lithium sources 
The decrease in current is attributed to the depletion of 
Lithium within the source. After 93 hours and 32 minutes 
the source was producing less than 2(#A) of current and was 


removed from the ion gun. 


2. Power and Temperature 

The power to the heater was incrementally decreased 
once the source was steadily producing ions to examine the 
current production as a function of power and as a function 
of the temperature corresponding to that power. Figure 10 
shows that ion production for the Lithium source does not 
reach 1(uA) until the source reaches a temperature of 
945(°C) at a power of 17(W). The current increased steadily 


as the heater power was increased. At temperatures over 
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1150(9C) the heater showed signs of gradual failure as power 
had to be gradually increased to maintain a constant 


temperature. 


() 


3. Extraction Potential 
Eraretilshoys-theJvtotalcurrtentvasla" tunc! von o 
extraction grid potential. The grid potential was decreased 

from -100(V) to -10(V) while maintaining a constant 
temperature. The screen potential was also held constant 
while the grid sweep was performed. The figure shows that 
Ren producition 15 increased with an increase in extraction 
potential. The current production does not appear to 
mitten out berore reaching -100(V) extraction potential. 
Figure 11 also shows the breakdown between the current 
collected on the grid and the screen. The grid current is 
always higher and both currents increase at the same rate 
with an increase in extraction voltage. 

4. Screen Potentia! 

Figure 12 shows that varying the screen potential 
EEcme-100(V) to -300(V) has no efftect.on the production of 
lions. This demonstrates that the negative potential on the 
collecting screen is not influencing the electric field 
involved 1n the production of the Lithium 10ns. Also, space 


charge effects outside the source region can be ignored. 


5. Lithium Source Comparison 


a Power 


j 
Figure 13 shows the total current production of 
the two Lithium sources as a function of applied heater 
power. The first source produced approximately the same 
number of ions at almost 6(W) less power. One of the 
sources could have been in better thermal contact with the 
mounting plate which could account for a portion of this 
power difference. Also, there could have been manufacturing 
differences, such as in heater placement, which could 
account for the difference in power requirements between the 
sources. No experiments were performed to determine the 
relationship between these two possible causes for different 
heater power requirements. Figure 13 also shows that the 
two Lithium sources perform much the same when ion 
production is compared as a function of temperature. 


However, the first source does produce slightly more current 


at all temperature settings. 


b Temperature and Grid Potential 
Figure 14 shows the effect of varying the grid 
potential at various temperatures. It shows that although 
more ions are produced at higher temperatures the difference 
in production is not realized until the grid potential is 


-50 (V) or higher. 
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D. POTASSIUM ION SOURCES 


Three Potassium ion sources were used in these 
experiments. The first and second sources were run to 
exhaustion for the purpose of lifetime testing and 
Meri icatlon of lon production.« The third source failed 
after 1 hour of operation. The third source was operating 
at 895(°C) and 15.7(W) when an unexplained arc between the 
source and the extraction grid was observed. The arc 
current was sufficient to blow the fuse in the multimeter 
measuring current to the extraction grid. The vacuum 
pressure remained at 2.2 x 1077 (torr) before and after this 
event. It is possible that a large quantity of Potassium 
ionized at the same time causing this arc. After this event 
the source was exhausted. No ion production occurred 


regardless of increased temperature or extraction potential. 


I. lifelime 
The Potassium sources were slowly heated to 930(°C). 

Several grid and power sweeps were performed and then the 
sources were operated at 885(°C) for a period of days. 
Power was increased and reduced daily as described for 
previous sources. The lifetime current production of the 
Em St source is shown in Figure 15. Current production fell 
below 2(uA) after 16 hours of operation. The extraction 


potential was increased to -200(V) in an attempt to extend 


zo 


the life of the source. Current production promptly 
increased to 6(uA). After an additional 18 hours the 
current again fell below 2(uA) and the extraction potential 
was increased to -300(V). The increase to -300(V) increased 
the current production to 4(4A) but the current gradually 
decreased to below 2(4A) within 5 hours and the source was 


removed from the ion gun. 


2. Power and Temperature 
The heater power was slowly decreased after the 
source had been operated for several hours. Current 
production as a function of power and temperature for the 
first Potassium source is shown in Figure 16. Current 
production increased with increasing power. This source 


produced 1(#A) of current at 790(°C) and 9(W) power. 


3. Extraction Potential 

Figure 17 shows the total current as a function of 
extraction grid potential for the first Potassium ion 
source. The grid potential was increase to -200(V) and then 
decreased to -10(V) while maintaining a constant temperature 
and a constant screen potential. This figure shows that 
Potassium ion production is also increased with increased 
extraction potential with the sharpest increase occurring 


from -10(V) to -70(V). Figure 17 also shows that the grid 
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current is always greater than the screen current and both 
currents increase at the same rate with increased extraction 


potential. 
4. Polassium Source Comparison 


o, Llelme 
Figure 18 shows the data from Figure 15 with the 
data from a second Potassium source added. Both sources 
produced currents above 2(uA) for approximately 16 hours 
with an extraction potential of -100(V). The second source 
was initially operated at a higher temperature and produced 
more current during that time which would account for the 
difference in lifetime between the two sources. Both 
sources immediately increase current production to 7(uA) 
when the extraction potential was increased to -200(V). The 
-200(V) extraction potential caused both sources to produce 
currents above 2(uA) for an additional 20 hours. The grid 


potential was then raised to -300(V) which increased the 


title of each Source an additional 5 hours. 


b 


4 


Power 

Figure 19 shows total current production of the 
two Potassium sources as a function of applied heater power 
and the corresponding temperature. The figure shows that 
the two sources performed relatively the same although the 
first source produced higher currents for similar 


temperatures. This difference is probably due to initially 
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operating the second source at higher temperatures causing a 
large initial depletion of the second Potassium source. 
Comparison of the power and temperature curves does show 
that the heater in the first source is performing more 
efficiently. This is probably due to manutacinzana 
differences, since operating techniques were fairly standard 


by this point. 


c Temperature and Cnd Polenta! 

Figure 20 shows the effect of varying the grid 
potential at various temperatures. It shows that for the 
second Potassium source an increase in temperature causes an 
increase in ion production at all extraction potentials. 
However, the first source produced more ions than the second 
source at all temperatures and their ion production is 
essentially equal with a temperature difference of 40(°C). 
This difference is again due to the second source being 
operated at higher temperatures early in the experiment and 
being more depleted of Potassium than the first source when 


the measurements in Figure 20 were made. 


C. POTASSIUM ION SOURCES WITH COATING 


Two Potassium ion sources with Osmium-Ruthenium coating 
were tested. The first source was used to exhaustion for 
the purpose of lifetime testing. The second source was used 


to verify the results from the first source. 
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I. Lifetime 

The first coated Potassium source was slowly heated 
to 930(9C) and several experiments varying the potential and 
heater power were then performed. Figure 21 shows the 
operating lifetime of the source. After 9 hours of 
operation an arc was observed between the extraction grid 
and the source while operating at 910(°C) and 16.64(W) of 
power. The extraction grid potential was set at -200(V). 
After the arc, the current dropped from 43.67(&4A) to 10(uA) 
and then climbed to 32(uA) in a matter of minutes. The 
vacuum pressure remained at 2.0 x 1077 (torr) during this 
event. The arc is unexplained but it is possible that a 
large guantity of Potassium ionized at the same time causing 
the arc. Throughout the life of this source the current 
production was very unstable. At times, the current would 
vary as much as lO(4A) in a matter of seconds. This 
fluctuation was probably due to the presence of the Osmium- 
Ruthenium coating. The coating increases the work function 
of the surface. This apparently causes inconsistent ion 
production in the current production range over which these 
Sources were operating. The source was then run to 
exhaustion with a grid potential of -200(V) and a screen 
potential of -100(V). These settings reduced the current 


fluctuation as much as possible. 
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2. Power and Temperature 

The power to the heater was varied once the source 
had run for several hours. Figure 22 shows the ion 
production for both coated Potassium sources as a function 
of power and temperature. These sources produce 1(#A) of 
current at 7(W) to 9(W) of power and a temperature of 
760(°C). Ion production increases with temperature until 
approximately 860(°C) where the curve flattens out. The 
data points for total current are averages of the current as 
it varied sharply over short time intervals. For example, a 
reading varying from 5(HA) to 15(#A) was reported as 10(HA). 
Current production was therefore much more unstable than the 


figure indicates. 


3. Extraction Potential 

Figure 23 shows the total current as a function of 
extraction grid potential for the first coated Potassium 
source. The grid potential was lowered from -200(V) to 
-10(V) while maintaining a constant temperature and screen 
potential. This figure shows that Potassium ion production 
is also increased with increased extraction potential with 
the sharpest increase occurring from -10(V) to -90(V). 
Figure 23 also shows that the grid current is always greater 


than the screen current and both currents increase at the 
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same rate with increased extraction potential. Again, 
current production was more unstable than the figure 
indicates. 
A. Coaled Polassium source Comparison 
d lower 
pieaunem the total current preduction of 
the two coated Potassium sources as a function of applied 
heater power and the corresponding temperature. The figure 
shows that the second source produced approximately the same 
number of ions at almost 4(W) less power. This difference 
Memagdin attributed to mounting and manutacturing 
differences. Figure 22 also shows that the two coated 
Potassium sources perform much the same when ion production 


is compared as a function of temperature. 


b Temperature and Cd lotentia! 

Figure 24 shows the effect of varying the grid 
potential at various temperatures. lt shows thet for the 
first coated Potassium source an increase in temperature 
caused an increase in ion production at all extraction 
potentials. However, the second source produced less ions 
than the first source when operated at 20(°C) higher 
temperature. This difference is attributed to the 
fluctuation in current production observed with the coated 


Potassium sources. 
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1). CESIUM ION SOURCE 


Two Cesium ion sources were tested during these 
experiments. Both sources were used to exhaustion for the 


purpose of lifetime testing and verification of results. 


i. lifetime 


The first Cesium source was slowly heated to 895(°C). 
Several grid and power sweeps were performed and then the 
heater power to the source was gradually increased to 
1100(°C) over a period of days in an attempt to increase the 
lifetime of the source. The lifetime current production of 
the first source is shown in Figure 25. Current production 
fell to under 2(4A) after 44 hours and 55 minutes of 
operation while the extraction potential was maintained at 
-100(V). The screen current of this sources varied as much 
as 3(uA) in a matter of seconds throughout the lifetime of 
sources. The grid current remained relatively stable 
throughout the experiments. The fluctuation in current 
production is probably due to the low ionization of Cesium 
and the relatively high temperatures at which the source was 
operated. This source never produced more than lO(4A) of 


current throughout its operation. 
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2. Power and Temperature 
The heater power was slowly decreased after the 

source had been operated for several hours. Current 
Production as a function of power and temperature tor the 
first Cesium source is shown in Figure 26. Current 
production increased with increasing power and the source 
produced 1(xA) of current at below 760(°C) and 9.4(W) power. 
The exact temperature is unknown because the lowest 
temperature reading possible on the optical pyrometer used 


was 760(°C). 


A Extraction Potential 

Figure 27 shows the total current as a function ot 
extraction gria potential for the first Cesium ion source. 
The grid potential was decreased from -100(V) to -10(V) 
while maintaining a constant temperature and a constant 
screen potential. This figure shows that Cesium ion 
production is increased with increased extraction potential 
with the snarpest increase occurring from -10(V) to -40(V). 
This figure also shows that the screen current is initially 
greater than the grid current but flattens out at 3(4A). 
The screen current and total current are average values of 
the current produced at any one time as the screen current 
varied as much as 3(4A) in a matter of seconds. The grid 


current was relatively stable. Again, this instability is 
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probably due to the low ionization energy of Cesium and the 
relatively high temperatures applied during these 
experiments. 
4. Cesium Source Comparison 
à Lfeume 
Figure 28 shows the data from Figure 25 with the 
data from the second Cesium source added. The first source 
produced above 2(uA) of current for 44 hours and 55 minutes 
with an applied extraction potential of -100(V). The second 
source lasted only 27 hours. The second source was 
initially operated at a higher temperature and produced more 
current during that time which would account for the 
difference in lifetime between the two sources. The total 
ion production of the two sources over their entire lifetime 


was comparable. 


b Power 
Figure 29 shows total current production of the 
two Cesium sources as a function of applied heater power and 
the corresponding temperature. The figure shows that the 
two sources performed relatively the same with respect to 


power and temperature. 


e Temperature and Grid Potential 
Figure 30 shows the effect of varying the grid 


potential at various temperatures. It shows that for the 
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second source an increase in extraction potential causes an 
increase in ion production. This experiment was not run on 


the first Cesium source. 


È. CESIUM JON SOURCES WITH COATING 


Two Cesium ion sources with Osmium-Ruthenium coating 
were tested for ion production. Both sources were used to 
exhaustion for the purpose of lifetime testing and 
verification of results. 

I. Jafelime 

The first coated Cesium source was slowly heated to 
900(°C). The temperature was later increased to 925(°C) and 
the current production of the source declined throughout the 
experiment. Figure 31 shows the operating lifetime of the 
source. After 8 hours of operation the current production 
fell to below 2(#A) and the source was removed from the ion 
gun. No grid extraction or power experiments were performed 
on this source because of its short lifetime. Throughout 
the life of the source the current production was unstable. 
The current varied as much as 2(#A) in a matter of seconds. 
This fluctuation is probably due to the Osmium-Ruthenium 
coating and the low ionization energy of Cesium which caused 
inconsistent ion production in the current production range 


over which this source was operating. 


359 


2. Power and Temperalure 

The power to the heater of the first coated Cesium 
source was observed when the source was initially heated. 
Figure 32 shows the ion production for the first ion source 
as a function of power and temperature. The source produced 
1(#A) of current below 760(°C) and 8(W) of power. Ion 
production increased with temperature until 900(°C), which 
was the upper limit of the initial heating, without showing 


signs of flattening out. 


3. Extraction Potential 
Figure 33 shows the total current as a function of 

extraction grid potential for the second coated Cesium 
source. The grid potential was lowered from -200(V) to 
-100(V) while maintaining a constant temperature and screen 
potential. The figure shows that Cesium ion production is 
increased with increased extraction potential and the 
sharpest increase occurred from -10(V) to -60(V). Figure 33 
also shows that the grid current is always greater than the 
screen current and both currents increase at the same rate 


with increased extraction potential. 
4. Coated Cesium Source Comparison 
a Lielime 
Figure 34 shows the lifetime current production of 


the two coated Cesium sources. The first source produced 


currents above 2(#A) for 8 hours and 38 minutes while the 
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second source lasted for just over 14 hours. The first 
source was initially operated at higher temperatures and 
produced more ions during this time than the second source. 
This difference in source operation would account for the 
difference in lifetime. Therefore, the total ion production 


of the two sources are comparable. 


b Power 
Ficure 35 shows the tota! current production of 
the two coated Cesium sources as a function of applied 
heater power and the corresponding temperature. The figure 
shows that the two sources performed very cifferently with 
respect to power and temperature. The fluctuating current 
production and the differences in sources stated before 


contributed to these results. 
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VII. SOURCE COMPARISON 


For the purpose of comparison, a minimum requirement of 
10(4A) of relatively stable current production is assumed to 


be necessary for the purposes of spacecraft charge control. 
À. SOURCE LIFETIMES 


Of the five types of sources tested, a Lithium source 
produced ions for more than twice as long (93 hours) as the 
next best sources. Only one Lithium source was operated to 
exhaustion but the second Lithium source was operated for 
over 43 hours without falling below 2(uA) of current 
production. The Potassium sources and the Cesium sources 
both lasted approximately 44 hours. The coated Potassium 
source lasted almost as long as the uncoated Potassium 
source and fell below the 2(#A) cutoff after 38 hours. The 
coated Cesium sources had the shortest lifetimes and fell 
below the cutoff after only I4 hours of Ron produc even 
Therefore, Lithium would be judged the best source type in 
the criteria of lifetime based on the results of these 
experiments. Potassium, CeSium, and coated Potassium 
sources would be judged as equal second best choices in the 


lifetime criteria. 


36 


The percentage of alkali ions extracted from the 
exhausted sources could not be estimated from these 
experiments. There is an unknown loss of the alkali 
material, due to evaporation and surface preparation, during 
the manufacturing process. Detailed measurements would have 
to be taken at all stages of production in order to estimate 


the percentage of alkali material extracted as ions. 


D. POWER AND TEMPERATURE 


RES advantageouUs to produce -a sufficient quantity of 
ions to contro! spacecraft charging at the lowest possible 
temperature and therefore at the lowest required power. 

This fact is based on the limited power available on 
operating satellites. For this reason, lower temperature 
current production will be judged as better. 

1. Coated and Uncoaled Sources 

a, foltassiu 
Figure 36 shows a comparison of the coated and 

uncoated Potassium sources current production as a function 
of temperature. At lower temperatures the coated Potassium 
source produced approximately the same current as the 
uncoated source at more than 50(°C) lower temperature. This 
ucdlattronship holds unti! the current production coincides at 
approximately 940(9C). The reduction in temperature 


requirement is due to the Osmium-Ruthenium coating's higher 
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surface work function. Therefore, in respect to temperature 
and required power the coated Potassium would be judged to 


be the better source. 


b (esum 
Figure 37 shows a comparison of the coated and 
uncoated Cesium sources current production as a function of 
temperature. At lower temperatures the coated Cesium source 
produced more current than the uncoated source until the 
sources reached 790(9C) where the coated Cesium source's 
current production fell below that of the uncoated source. 
For the purpose of charge control, the coated Cesium sources 
produced insufficient currents at all temperatures. None of 
the coated Cesium ion sources reached the desired current 
production level of 10(uA) at any time during any of the 
experiments that were conducted. Although the coated source 
does initially produce current at lower temperatures than 
the uncoated source, this current is :nsurfuigieuem PIS 
purposes of charge control and the uncoated Cesium ion 
source is judged to be the better source with respect to 
temperature and power requirements. 
2. AI Sources 

Figure 38 shows a comparison of all the types of ion 

sources examined with respect to temperature. The Lithium 


source did not produce 10(uA) of current until it reached 


1050(°C) which is was 150(°C) higher than the next closest 
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type of ion source. This temperature difference is due to 
the higher ionization energy of Lithium as compared to 
Potassium and Cesium. Figure 39 shows the same comparison 
with the Lithium source removed. The Potassium ion source 
required a temperature of 910(°C) to reach the 10(#A) level. 
The Cesium ion source reached the same level at 865(°C) 
while the coated Potassium source required only 850(°C) to 
reach 10(#A) of current production. The coated Cesium ion 
source never reached the 10(#A) level at any of the 
temperatures applied. The figure therefore shows that the 
Osmium-Ruthenium coating on the surface of the coated 
Potassium source is able to overcome the expected lower 
temperature requirements of Cesium due to its lower 
ionization energy. Therefore, based on these experiments 
the coated Potassium ion source would be judged to be the 
better ion source type with respect to power and temperature 


requirements. 


C. EXTRACTION POTENTIAL 


Figure 40 shows the total current as a function of 
extraction grid potential for each type of ion source. All 
of the sources were initially set at a power and 
corresponding temperature so that the current production was 
a constant 10(#A) with an applied extraction potential of 


-100(V) and a screen current of -200(V). The coated Cesium 
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source never reached 10(uA) as the figure shows. The 
extraction grid was then increased to -200(V) and slowly 
decreased to -10(V). The figure shows that the Lithium ion 
source was the most effective ion producer at lower 
extraction potentials, closely followed by the Cesium ion 
source. However, both of the Potassium ion source types are 
more affected by extraction potentials greater than -100(V). 
This result indicates that the extraction potential required 
for ion production may be related to the mass of the 
extracted ions. It is possible that the larger Potassium 
atoms encounter a higher resistance in the lattice structure 
of the Beta-Eucryptite which can be overcome with an 
increase in the extraction potential. This hypothesis is 
substantiated to a certain degree by the Lithium ion source, 
which is producing smaller Lithium ions, reaching a constam 
current production at -50(V). These results suggest than 
the Potassium ion sources could be operated at lower 
temperatures with increased extraction potentials and 
produce sufficient ions for the purposes of charge control 
at lower power requirements. Further experiments, such as 
lifetime tests run at -200(V) extractron potentia!, Voua 
have to be performed to verify the feasibility of this 


arrangement. 
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VII. CONCLUSIONS 


The experiments performed in conjunction with this 
thesis evaluated Lithium, Potassium, Osmium-Ruthenium coated 
Potassium, Cesium, and Osmium-Ruthenium coated Cesium ion 
sources for possible use in satellite charge control 
devices. A comparison of these sources shows that only the 
Lithium and Potassium ion sources are acceptable for 
satellite charge control purposes. The choice between these 
two source tvpes would be a trade off between the longer 
lifetime of the Lithium source and the lower power 
requirements of the Potassium source. The choice between 
these two sources would depend on the satellite charge 
control requirements and the number of sources which could 


be used in sequence in a charge control device. 


These experiments showed that the idea of using 
Potassium sources in place of the Lithium sources does lower 
the power requirements for lon production in the emitter 
design used in these experiments. The experiments also 
showed that, although coating the sources to increase the 
surface work function does reduce the power requirements, 
the coated sources were unsuitable for use in charge control 


devices que to fluctuating current production. 
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APPENDIX 


(a) 





00 HOURS L 1 


(b) 
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Figure 1 (a). Time Distribution of AT8-6 Spacecraft 
Charging Events: probability that charging occurred 
plotted at the local time of the satellite. (b). Time 
Distribution of Spacecraft Anomalies: plotted at the 
local time of various satellites at geosynchronous 
orbit. [{Ref.10] 
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Figure 2 (a). Surface Charging in Shadow. 
(b). Surface Charging in Sunlight.[Ref.12] 
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Figure 3. Plasma Source.[Ref.17] 
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Figure 4. Crystal Structure of Beta-Eucryptite viewed 
along c axis. Large spheres represent oxygen atoms, 
small spheres either Si or Al atoms. The Lithium ions 
are situated in center openings.(Ref.21) 
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Figure 5. Ion Source. All dimension are in ` 
inches. The sources used were proportionally smaller 
with a diameter of .25 inches.[Ref.24] 
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Figure 7. Electrical Wiring Diagram. 
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Figure 8. Lithium Lifetime. 
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Figure 9. Final Hours of Lithium Lifetime. 
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Figure 10. Lithium Total Current vs Power and 
Temperature. 
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Figure 11. Lithium Total, Grid, and Screen Current vs 
Grid Potential. 
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Figure 12. Lithium Total, Grid, and Screen Current vs 
Screen Potential. 
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Figure 13. Lithium Total Current vs Power and 
Temperature. 
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Figure 14. Temperature Variation Affects on Lithium 


Total Current vs Grid Potential. 
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Figure 15. Potassium Lifetime. 
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Figure 16. Potassium Total Current vs Power and 
Temperature. 
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Figure 17. Potassium Total, Grid, and Screen Current 
vs Grid Potential. 
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Figure 18. Potassium Lifetimes. 
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Figure 19. Potassium Total Current vs Power and 
Temperature 
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Figure 20. Temperature Variation Affects on Potassium 
Total Current vs Grid Potential. 
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Figure 21. Potassium Lifetime With Coating. 
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Figure 22. Potassium With Coating Total Current vs 
Power and Temperature. 


63 


PO TAS TAS 
AAA ANS 








© 
Si 
LJ 
ac 
Qu 
O 
E 905 "C 16.14 H 
ui Screen -200 V 
HE 
2 


E 
YE 100 200 
GRID POTENTIAL (-V) 


100 


GRID CURRENT 


SCREEN CURRENT 
+ 


c 


a 


10 


905 °C 16.14 W 


CURRENTS (uA) 
| 





» Screen -200 V 
N 

o 

OQ 190 200 


GRID POTENTIAL (-V) 


Figure 23. Potassium With Coating Total, Grid, and 
Screen Current vs Grid Potential. 
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Figure 24. Temperature Variation Affects on Potassium 
With Coating Total Current vs Grid Potential. 


65 


6 SII 


4 


TOTAL CURRENT (uA) 
2 


O 


CESIUM LIFETIME 


ex cO y 
CRID -180 V 
FONES ISANCERGLEA Zani 


TOTAL Me een 


Figure 25. 


TIME AROS) 


Cesium Lifetime. 


66 


W 


CES 


© 
O 

b-- 

DA N 

LJ 

O p 

=): EO) 

E z (NEED 

ze 

z e: GRID - 100 V 

O SCREENET ZOO V 












10 11 WE Ee Ae 
PONER GD 

O 

O 
- 
Z N 
LJ 
E O 
= “om 
Ceo 
Je 
< GRID -100 V 
M SCREEN -200 v 


760 800 840 BBO 920 
TEMPERATURE (€ °C) 


Figure 26. Cesium Total Current vs Power and 
Temperature. 
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Figure 27. Cesium Total, Grid, and Screen Current vs 
Grid Potential. 
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Figure 28. Cesium Lifetimes. 
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Figure 29. Cesium Total Currents vs Power and 
Temperature. 
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Figure 31. Cesium Lifetime With Coating. 
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Figure 32. Cesium With Coating Total Current vs Power 
and Temperature. 
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Current vs Grid Potential. 


74 


CESIUM LIFETIME 


WITH COATING 


SOURCE wa | 
ESQUI 


* POWER RANGE i = Bo W 


o . POWER RANGE (0 — 18.05) W 
x TOTAL TIME 8 Hrs 38 Min 
NE E 1:4 Ee Sm 
LO 
a 
- GRID -100 V 
uj à SURE PANT 
e | 
D |l 
Cc 
ae 
q \\ 
© 
H- 
(N 


O 3 6 Z Zz Io 
MIME ES) 


Figure 34.  Cesium Lifetimes With Coatings. 


75 


CES En 
HITH COATING 


SOURCE 
P SOUR 2 
= : 
zi 
lu) 
O 
OC Kë 
= 
e 
1 qup -100 V 
z SCREEN -200 V 
O 
a 





IO ELSE ND 
POWER CW) 


+ SOU Ite. | 
> SOURCES 2 


/ 
" d 


) 
/ 
8 






NT (uA 


= 
= 
Lo 
4 


GRID -100 V 
SCREEN - 200 Y 


OTAL CURR 


ege 


780 820 B60 900 940 
TEMPERATURE ( 9C) 
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Current vs Temperature. 
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Figure 37. Cesium With and Without Coating Total 
Current vs Temperature. 
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